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(54) OPTICAL RECORDING MEDIUM AND METHOD FOR READING OPTICAL RECORDING 
MEDIUM 



(57) An optical disc having a plurality of recording 
layers provided one over the other. It includes a light- 
transmissive substrate, a first recording layer provided 
on one side of the substrate, a second recording layer 



provided over the first recording layer and having a lead- 
in area having necessary data for at least data reading, 
and an intermediate layer provided between the first and 
second recording layers. The first recording layer is pro- 
vided at the outside of the lead-in area. 
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Description 

Technical Field 

[0001] The present invention relates to an optical re- 
cording medium having a plurality of recording layers 
formed therein, and a method for reading data recorded 
in the optical recording medium. 

Background Art 

[0002] Conventionally, as a recording medium for a 
variety of information such as audio information, video 
information, etc., optical discs are widely used from 
which information recorded therein is read out optically, 
namely, using a light beam. There have recently been 
proposed such optical discs having formed therein 
many recording layers for the purpose of recording a fur- 
ther increased amount of information. 
[0003] As an optical disc having a plurality of record- 
ing layers formed therein, there has been proposed a 
one designed such that a light beam is directed from 
one side of a substrate of the optical disc to read data 
from each of the recording layers. 
[0004] This optical disc has a first recording layer 
formed on one side of a light-transmissive substrate, a 
light-transmissive intermediate layer formed on the first 
recording layer, and a second recording layer formed on 
the intermediate layer. The first recording layer is formed 
as a translucent layer which transmits a constant 
amount, and reflects a constant amount, of an incident 
light beam from the substrate side so that the light beam 
is incident upon the second recording layer. By forming 
the first recording layer located at the light beam-inci- 
dent side from a translucent material and the second 
recording layer from a highly reflective material, it is pos- 
sible to detect a reflected light from each of the first and 
second recording layers and thus read information sig- 
nal recorded in each of the recording layers. 
[0005] Data signal recorded in each of the plurality of 
recording layers formed in the optical disc is read by 
controlling the focused position of the light beam inci- 
dent upon the optical disc. That is, by focusing the inci- 
dent light beam on a desired one of the recording layers, 
data recorded in that recording layer can be read. 
[0006] In the conventional optical disc having a plu- 
rality of recording layers formed therein, the recording 
layers are formed one over the other in a common area 
extending between the inside and outside of the optical 
disc. In case the plurality of recording layers is fully over- 
laid one over the other, one of the recording layers over- 
lying the other will have only a reflectance which is lim- 
ited to the transmittance of the other recording layer, and 
thus the one recording layer cannot reflect the light 
beam with a sufficient reflectance. As a result, the signal 
level based on the reflected light from the one recording 
layer is too low for data recorded in this optical disc to 
be read by the conventional optical disc player which 



requires a high reflectance of the recording layer. If the 
light transmittance of the other recording layer is in- 
creased for a higher reflectance of the one recording lay- 
er, the reflectance of the other recording layer will be 
5 lower, it will be difficult to build an optical disc player ca- 
pable of reading data from both the one and other re- 
cording layers. 

[0007] Also the recording layers formed in the con- 
ventional optical disc are similar in configuration to each 

10 other between the internal and outer circumferences of 
the optical disc. Each of the recording layers has formed 
in the internal circumferential portion of the optical disc 
a lead-in area in which control data required for reading 
data such as audio and video information, etc. are re- 

15 corded, and at the outside of the lead-in area a data area 
in which data such as audio and video information are 
recorded. The control data required for data reading in- 
cludes address information indicating recorded posi- 
tions of data in the data area. 

20 [0008] If the recording layers are nearly entirely over- 
laid over the other on the substrate of the optical disc 
and the control data, etc. are recorded in a similar form, 
when data such as audio information and video infor- 
mation recorded in each of the recording layers is read 

25 with the optical disc loaded in the optical disc player, 
reflection of a part of a light beam incident upon one of 
the recording layers and passing through the latter by 
the other recording layer will possibly add the control 
data recorded in the other recording layer as a noise 

30 component to the control data recorded in the lead-in 
area of the one recording layer and which is to be first 
read. In this case, the control data in the lead-in area 
may not possibly be read accurately so that a desired 
recording layer cannot be selected or no data can be 

35 read from the desired recording layer. 

Disclosure of the Invention 

[0009] Accordingly, the present invention has an ob- 
40 ject to overcome the above-mentioned drawbacks of the 
prior art by providing an optical recording medium hav- 
ing a plurality of recording layers formed therein for a 
larger recording capacity, in which each of the recording 
layers can positively be selected and thus data recorded 
45 in each recording layer can accurately be read, and a 
method for reading data from the optical recording me- 
dium. 

[0010] The present invention has another object to 
provide an optical recording medium interchangeable 

50 with optical discs for use with a conventional optical disc 
player requiring a high reflectance, and a method for 
reading data from the optical recording medium. 
[001 1 ] The above object can be attained by providing 
an optical recording medium including according to the 

55 present invention: 

a light-transmissive substrate; 

a first recording layer provided on one side of the 
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substrate; 

a second recording layer provided over the first re- 
cording layer and having a lead-in area having re- 
corded therein necessary data for at least data 
reading; and 

an intermediate layer provided between the first and 
second recording layers; 

the first recording layer being provided at the out- 
side of the lead-in area. 

[0012] Also the above object can be attained by pro- 
viding an optical recording medium including according 
to the present invention: 

a light-transmissive substrate; 

a first recording layer provided on one side of the 

substrate; 

a second recording layer provided over the first re- 
cording layer and having a lead-in area having re- 
corded therein necessary data for at least data 
reading; and 

an intermediate layer provided between the first and 
second recording layers; 

at least a part of the side opposite to the lead-in area 
of the first recording layer being mirror-finished. 

[0013] Also the above object can be attained by pro- 
viding an optical recording medium including according 
to the present invention; 

a light-transmissive substrate; and 
at least a first recording layer and second recording 
layer, any one of which is provided on one side of 
the substrate, the other recording layer being pro- 
vided over the one recording layer with an interme- 
diate layer being provided between the first and 
second recording layers; 

there being provided a lead-in area having recorded 
therein necessary data for at least data reading. 

[0014] Also the above object can be attained by pro- 
viding a method for reading an optical recording medium 
including a light-transmissive substrate, and at least a 
first recording layer and second recording layer, anyone 
of which is provided on one side of the substrate, the 
other recording layer being provided over the one re- 
cording layer with an intermediate layer being provided 
between the first and second recording layers, there be- 
ing provided a lead-in area having recorded therein nec- 
essary data for at least data reading, the method includ- 
ing, according to the present invention steps of: 

reading data recorded in the lead-in area of the sec- 
ond recording layer in the optical recording medium; 
and 

reading data recorded in the first recording layer. 
[0015] Also the above object can be attained by pro- 
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viding a method for reading an optical recording medium 
including a light-transmissive substrate, afirst recording 
layer provided on one side of the substrate, a second 
recording layer provided over the first recording layer 

5 and having a lead-in area having recorded therein nec- 
essary data for at least data reading, and an intermedi- 
ate layer provided between the first and second record- 
ing layers, the first recording layer being provided at the 
outside of the lead-in area, the method including, ac- 

10 cording to the present invention, steps of: 

reading data recorded in the lead-in area of the sec- 
ond recording layer in the optical recording medium; 
and 

*5 reading data recorded in the first recording layer. 

[0016] Also the above object can be attained by pro- 
viding a method for reading an optical recording medium 
including a light-transmissive substrate, a first recording 

20 layer provided on one side of the substrate, a second 
recording layer provided over the first recording layer 
and having a lead-in area having recorded therein nec- 
essary data for at least data reading, and an intermedi- 
ate layer provided between the first and second record- 

25 ing layers, at least a part of the side opposite to the lead- 
in area of the first recording layer being mirror-finished, 
the method including, according to the present inven- 
tion, steps of: 

30 reading data recorded in the lead-in area of the sec- 
ond recording layer in the optical recording medium; 
and 

reading data recorded in the first recording layer. 

35 [0017] Also the above object can be attained by pro- 
viding an optical recording medium including according 
to the present invention: 

a substrate; 

^o a first recording layer provided on one side of the 
substrate; 

a second recording layer provided over the first re- 
cording layer; and 

an intermediate layer provided between the first and 
45 second recording layers; 

the first and second recording layers being dis- 
posed to deviate from each other in the direction of 
the layer plane. 

so [0018] Also the above object can be attained by pro- 
viding a method for reading an optical recording medium 
including a substrate and a first recording layer provided 
over the substrate and having an lead-in area, the meth- 
od including, according to the present invention, steps 

55 of: 

reading data recorded in the lead-in area; 
judging, based on the data read from the lead-in ar- 
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ea, whether there exists a second recording layer 
between the first recording layer and substrate; and 
reading the second recording layer based on con- 
trol data recorded in the lead-in area when it is de- 
termined that the second recording layer exists. 5 

[0019] These objects and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
preferred embodiments of the present invention when 10 
taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

[0020] FIG. 1 is a sectional view of an embodiment of is 
the optical disc according to the present invention. 
[0021] FIG. 2 is a plan view of the optical disc accord- 
ing to the present invention. 

[0022] FIG. 3 shows the projection of a light beam to- 
wards the first and second recording layers provided in 20 
the optical disc according to the present invention. 
[0023] FIG. 4 is a sectional view of another embodi- 
ment of the optical disc according to the present inven- 
tion. 

[0024] FIG. 5 is a block circuit diagram of an optical 25 
disc player for use with the optical disc according to the 
present invention. 

[0025] FIG. 6 is a circuit diagram of a circuit to direct 
a light beam towards the optical disc according to the 
present invention in order to detect a focus error signal. 30 
[0026] FIGS. 7A to 7C are plan views presenting 
emission of a light beam towards a four-element detec- 
tor (photodetetcor) to detect a focus error signal using 
the astigmatism. 

[0027] FIGS. 8A and 8B show an RF sum signal and 35 
focus error signal, respectively, detectable when a light 
beam is directed towards an optical disc in which the 
first and second recording layers are provided opposite 
to each other. 

[0028] FIGS. 9A and 9B show an RF sum signal and 40 
focus error signal, respectively, detectable when a light 
beam is directed towards the optical disc according to 
the present invention. 

Best Mode for Carrying Out the Invention 45 

[0029] The optical recording medium and optical re- 
cording medium reading method according to the 
present invention will be described in detail below: 
[0030] Referring now to FIG. 1, the optical recording 50 
medium according to the present invention is illustrated 
in the form of a sectional view. The optical recording me- 
dium is an optical disc generally indicated with a refer- 
ence 1 . As shown in FIG. 1 , the optical disc 1 includes 
a substrate 2 formed from a synthetic resin such as a 55 
light-transmissive polycarbonate resin, glass or the like. 
The substrate 2 has formed on one side thereon a pit 
pattern 3 of tiny pits and lands corresponding to record- 



ed audio information for example. In the pit pattern 3, a 
plurality of pits corresponding to recorded information 
forms a spiral recording track or concentric recording 
tracks. In case the substrate 2 is formed from a synthetic 
resin, the pit pattern 3 is formed by replication from a 
stamper during injection molding of the substrate 2. In 
case the substrate 2 is formed from glass, the pit pattern 
3 is formed by the 2P (photo polymerization). In the 2P 
method, a light-settable resin such as an ultraviolet-set- 
table resin is charged between a glass substrate and 
disc stamper, the light-settable resin is set or cured by 
ultraviolet rays irradiated from the glass substrate side, 
and thus a pattern of pits and lands on the stamper is 
replicated to form the pit pattern 3. 
[0031] The substrate 2 used in the optical disc 1 ac- 
cording to the present invention is formed from a poly- 
carbonate resin by injection molding. As mentioned 
above, the substrate 2 has recorded on one side thereof 
information as the pit pattern 3. The substrate 2 is 
formed to have a diameter of 1 2 cm and a thickness of 
about 1.2 mm similarly to the substrate of a so-called 
compact disc being a conventional optical disc whose 
diameter is 1 2 cm. 

[0032] As shown in FIG. 1 , a first recording layer 4 is 
formed on the one side of the substrate 2, on which the 
pit pattern 3 is formed, to cover the pit pattern 3. The 
first recording layer 4 is a translucent or semi-reflective 
layer which transmits a constant quantity, and reflects a 
constant quantity, of the light beam directed from the 
side of the substrate 2. For example, the first recording 
layer 4 is formed from silicone layers of Si 3 N 4 , Si0 2 and 
the like, respectively, to a thickness of about 1 00 to 500 
nm. Namely, the first recording layer 4 is formed from 
the multiple layers of Si 3 N 4 , SiO a and the like, respec- 
tively, to have a multilayered structure on the substrate 
2. The Si 3 N 4 , Si0 2 and other layeis are formed on the 
substrate 2 by vacuum evaporation or sputtering. 
[0033] The first recording layer 4 has formed thereon 
an intermediate layer 5 of a light-transmissive ultravio- 
let-settable resin or the like, and a second recording lay- 
er 6 formed on the intermediate layer 5. The intermedi- 
ate layer 5 is formed to have a predetermined thickness 
which optically separates the first and second recording 
layers 4 and 6 from each other so that they will not be 
positioned within the depth of focus of an objective lens 
which focuses the light beam on the recording layers 4 
and 6. More specifically, the intermediate layer 5 is 
formed 30 urn or so thick for example. If the intermediate 
layer 5 is formed too thin, the first and second recording 
layers 4 and 6 will be positioned within the depth of focus 
of the objective lens and thus the reflected light from the 
first recording layer 4 and that from the second recording 
layer 6 cannot be separated sufficiently from each other. 
In this case, it will be difficult to accurately detect the 
reflected light from each of the recording layers 4 and 
6. On the contrary, rf the intermediate layer 5 is formed 
too thick, a spherical aberration will take place in the 
light beam directed towards the recording layer 6. Tak- 
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ing the above in consideration, the intermediate layer 5 
is formed to have an appropriate thickness. 
[0034] The intermediate layer 5 is formed by applying 
a light-transmissive ultraviolet-settable resin or the like 
to the first recording layer 4 by the spin coat method and 
irradiating ultraviolet rays to the applied resin to cure the 
latter. Otherwise, the intermediate layer 5 may be 
formed on the first recording layer 4 by applying the ul- 
traviolet-settable resin or the like to a thickness of 5 to 
10 p/n on the first recording layer 4 and repeating this 
more than once to provide a lamination of the resin lay- 
ers. Moreover, the intermediate layer 5 may be a trans- 
parent sheet attached on the first recording layer 4. 
[0035] The intermediate layer 5 has formed on one 
side thereof a pit pattern 7 of tiny pits and lands corre- 
sponding to information recorded on the second record- 
ing layer 6, for example, audio information. Similarly to 
the pit pattern 3, the pit pattern 7 is formed from a plu- 
rality of pits defining a spiral recording track or concen- 
tric recording tracks. The pit pattern 7 can be formed by 
the 2P method used to form the pit pattern 3 on a glass 
substrate as mentioned above. 

[0036] The second recording layer 6 is formed on the 
pit pattern 7 formed on one side of the intermediate layer 
5 and over the first recording layer 4. Specifically, the 
second recording layer 6 is formed, on one side of the 
intermediate layers, from a highly reflective metal such 
as aluminum (Al), gold (Au), silver (Ag) or the like to re- 
flect to the optical pickup located at the side of the sub- 
strate 2 the incident light beam having passed through 
the first recording layer 4. The second recording layer 6 
has formed thereon a protective layer 8 formed from an 
ultraviolet-settable resin or the like to cover the second 
recording layer 6. The protective layer 8 is formed by 
applying the ultraviolet-settable resin or the like to the 
second recording layer 6 by the spin coat method and 
then irradiating ultraviolet rays to the applied resin to 
cure the latter. 

[0037] Referring now to FIG. 2 : there is illustrated the 
optical disc 1 in the form of a plan view. As shown, the 
optical disc 1 has a center hole 11 formed in the center 
thereof. A clamping area 1 2 is provided around the cent- 
er hole 1 1 . When the optical disc 1 is played in an optical 
disc player, it is set with the center hole 11 being placed 
in a centering area on a disc table of a disc rotation drive 
mechanism of the optical disc player and the clamping 
area 12 being placed on the disc table and clamped by 
a clamping member. Thus, the optical disc 1 is centered 
on the disc table and can b rotated on and with the latter. 
[0038] Namely, the clamping area 12 to be clamped 
by the disc rotation drive mechanism is provided in the 
internal circumferential area of the optical disc 1 , and 
the first and second recording layers 4 and 6 are pro- 
vided at the outside of the clamping area 1 2. 
[0039] The second recording layer 6 provided over 
the first recording layer 4 extends beyond the inner end 
of the first recording layer to near the clamping area 1 2 
in the internal circumferential portion of the optical disc 



1 as shown in FIG. 1 . The second recording layer 6 has 
provided in the internal circumferential area thereof not 
opposite to the first recording layer 4 a lead-in area 15 
having recorded therein at least a part of control data 
s which is to be read before data such as audio informa- 
tion and the like pre-recorded in data recording areas 
1 3 and 1 4 of the first and second recording layers 4 and 
6, respectively. The control data recorded in the lead-in 
area includes data indicating a focus offset for control 
10 of the focused position of the light beam on the second 
recording layer 6 and data for use to control light beam 
tracking, these data forming a part of control data re- 
quired for reading the data in the second recording layer 
6 for example, and data indicating a focus offset for con- 
15 trol of the focused position of the light beam on the first 
recording layer 4 and data for use to control light beam 
tracking, these latter data forming a part of control data 
required for reading the data in the first recording layer 
4. The "focus offset" refers to a DC signal component 
for moving the objective lens optical-axial ly of the latter 
in order to move the focused position of the light beam 
converged by the objective lens in relation to either of 
the first and second recording layers 4 and 6. 
[0040] In the lead-in area 15, there are recorded con- 
tent information indicating the contents of data recorded 
in the data recording area 14 of the second recording 
layer 6 as control data for control of reading of the data 
recorded in the second recording layer 6, and also start 
address information or absolute time information indi- 
cating recording start time of each data. 
[0041] The control data recorded in the lead-in area 
15 is also recorded as a pit pattern 7 of tiny pits and 
lands similarly to data recorded in the data recording ar- 
eas 13 and 14. 

[0042] Since only the second recording layer 6 has 
the lead-in area 15 in the optical disc 1 according to the 
present invention, so after the optical disc 1 is loaded in 
the optical disc player, the control data recorded in the 
lead-in area 15 of the second recording layer 6 is read 
and then data recorded in the first or second recording 
layer 4 or 6 is read. Thus, the leadrin area 1 5 has re- 
corded therein, besides address information or absolute 
time information indicating the beginning position of the 
data recording area 14 of the second recording layer 6, 
minimum necessary information for access to the first 
recording layer 4, such as address information or abso- 
lute time information on innermost circumferential posi- 
tion of the first recording layer 4, beginning position of 
the data recording area 13, etc. 
so [0043] Note that the lead-in area 1 5 is provided where 
it can be scanned by a light beam emitted from the op- 
tical pickup provided in the optical disc player when the 
optical disc 1 is loaded in the optical disc player. That 
is, the lead-in area 15 is provided to begin at a position 
55 outside the innermost circumferential position where da- 
ta can be read from the optical disc 1 with the optical 
pickup moved towards the internal circumference of the 
optical disc 1 . 
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[0044] As in the above, in the optical disc 1 according 
to the present invention, the beginning end of the sec- 
ond recording layer 6 extends inwardly beyond the in- 
ternal circumference of the first recording layer 4 and 
the second recording layer 6 is extended by the lead-in 
area 15. So, the first recording layer 4 will be located at 
the outside of the lead-in area 15 as shown in FIG. 1. 
Thus, the portion of the optical disc 1 where the lead-in 
area 15 of the second recording layer 6 is provided has 
no light-beam reflecting layer between the substrate 2 
upon which the light beam is incident and the second 
recording layer 6. Therefore, the light beam is incident 
without being attenuated by the first recording layer 4 
and reflected by the lead-in area 15, so that the control 
data recorded in the lead-in area 15 can be read with a 
high accuracy without addition of a noise due to the first 
recording layer 4 as having previously been described 
concerning the prior art. 

[0045] When the control data recorded in the lead-in 
area 1 5 of the second recording layer 6 is read, a return 
portion of the light beam, reflected by the lead-in area 
15 of the second recording layer 6, can accurately be 
detected since a noise which would be caused by the 
reflection by the first recording layer 4 is not added to 
the return light because the light beam will not be re- 
flected by the first recording layer 4. 
[0046] From the optical disc 1 according to the 
present invention, information recorded in the first or 
second recording layer 4 or 6 is read by directing a light 
beam from the side of the substrate 2 and detecting a 
return light reflected by that recording layer 4 or 6 by a 
photodetector of an optical pickup disposed at the side 
of the substrate 2. To this end, the first recording layer 
4 is formed from a translucent or semi-reflective layer 
which transmits a predetermined quantity of the incident 
light beam towards the second recording layer 6, and 
the second recording layer 6 is formed to reflect, with a 
high reflectance, the light beam having passed through 
the first recording layer 4 and incident thereupon. That 
is, the second recording layer 6 is more reflective than 
the first recording layer 4. 

[0047] More specifically, the first recording layer 4 in 
the optical disc 1 according to the present invention has 
a reflectance of 11%, and the second recording layer 6 
has a reflectance of 99%. On the assumption that the 
substrate 2 formed from polycarbonate resin diffuses 
and absorbs 5% of an incident light beam : when a light 
beam L 1 is directed from the side of the substrate 2, 1 0% 
of the incident light beam will be reflected by the first 
recording layer 4 as a return light L 2 and 85% of the in- 
cident light beam will be transmitted through the first re- 
cording layer 4 and incident upon the second recording 
layer 6, as shown in FIG. 3. At this time, since the inter- 
mediate layer 5 diffuses and absorbs almost none of the 
incident light beam, almost all the light beam (85%) will 
be incident upon the second recording layer 6 through 
the intermediate layer 5. The light beam L 3 incident upon 
the second recording layer 6 is reflected by the latter 



with the reflectance of 99% as a return light L 4 . Then, 
the return light L 4 will be transmitted through the first 
recording layer 4 whose reflectance is 11 % and sub- 
strate 2 which will diffuse and absorb 5% of an incident 
5 light, and go out of the optical disc 1 . The ratio of the 
return light L 4 f rom the second recording layer 6 is about 
71 % of the light beam L-, initially incident upon the sub- 
strate 2. 

[0048] In another embodiment of the optical disc 1 ac- 

10 cording to the present invention, when the first recording 
layer 4 is formed to have a reflectance of 20% while the 
second recording layer 6 is formed to have a reflectance 
of 99%, the first recording layer 4 will reflect 18% of a 
light beam L 1 initially incident upon the substrate 2 as a 

is return light L 2 , while the second recording layer 6 will 
reflect about57% of the light beam L 1 initially incident 
upon the substrate 2 as a return light L 4 . 
[0049] Thus, with the first recording layer 4 formed to 
have a low reflectance while the second recording layer 

20 6 is formed to have a higher reflectance, it is possible to 
assure a sufficient quantity of the return light reflected 
from the second recording layer 6. Data recorded in the 
data recording area 1 4 of the second recording layer 6 
having the high reflectance, can satisfactorily be read 

25 by an optical disc player for a conventional so-called 
compact disc required to have a high reflectance. 
[0050] By forming the second recording layer to have 
a high reflectance with which the conventional optical 
disc player for an optical disc having a high reflectance 

30 can read satisfactorily the second recording layer even 
when the light beam is incident upon the second record- 
ing layer 6 through the first recording layer 4, the control 
data recorded in the lead-in area 15 of the second re- 
cording layer 6 can be read with a higher accuracy. 

35 [0051] In the lead-in area 15, there are also recorded 
data about the reflectance of the first recording layer 4 
as control data which is to be read before reading data 
such as audio information and the like pre-recorded in 
the data recording areas 13 and 14 of the first and sec- 

40 ond recording layers 4 and 6, respectively. At least data 
about the reflectance of the first recording layer 4 is re- 
corded in the lead-in area 15. By reading the data about 
the reflectance of the first recording Iayer4 and selecting 
again of an amplification circuit which amplifies the read 

45 data and loop gain of a servo control circuit which will 
further be described, it is made possible to accurately 
read data recorded in the first recording layer 4. Of 
course, data about the reflectance of the second record- 
ing layer 6 may be recorded in the lead-in area 15, it be 

50 read out, and a gain of the amplification circuit and loop 
gain of the servo control circuit be selected based on 
the read data about the reflectance of the second re- 
cording layer 6, thereby reading the data recorded in the 
second recording layer 6. 

55 [0052] Further, by recording in the lead-in area 15 of 
the second recording layer 6 in the optical disc 1 disc 
type data indicating that the optical disc 1 has provided 
therein the first recording layer 4 in addition to the sec- 
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ond recording layer 6, it is possible to immediately rec- 
ognize, by reading the disc type data in the lead-in area 
1 5 f that the optical disc 1 loaded in the optical disc player 
is a one having more than one recording layer. If the 
optical disc 1 loaded in the optical disc player can im- 5 
mediately be recognized, based on the read disc type 
data, to be a one having the first recording layer 4 as 
well , a play mode for readi ng data from the first and sec- 
ond recording layers 4 and 6 can be selected and thus 
data be read from either the first and second recording 
layers 4 and 6. 

[0053] In the above optical disc 1 , the second record- 
ing layer 6 has a higher reflectance than the first record- 
ing layer 4, the reflectance being a ratio of a quantity of 
return light with a quantity of a light beam incident upon 
the optical disc 1 . Reversely, however, the first recording 
layer 4 may be designed to return a larger quantity of 
light than the second recording layer 6. For example, 
when the first recording layer 4 is formed to have a re- 
flectance of 60% while the second recording layer 6 is 
formed to have a reflectance of 99%, the first recording 
layer 4 will return about 54% of the light beam incident 
thereupon while the second recording layer 6 will return 
about 15% of the incident light beam thereupon. 
[0054] In case the first and second recording layers 
are formed to reflect the incident light beams, respec- 
tively, a lead-in area will be formed to extend the first 
recording layer 4 while the second recording layer 6 will 
not be provided on one side of the intermediate layer 5 
opposite to the lead-in area of the first recording layer. 
Thus, control data recorded in the lead-in area of the 
first recording layer 4 can be read with a high reflectance 
without being influenced by the second recording layer 
6 having a high reflectance and low light transmittance. 
[0055] As shown in FIG. 1 , in the aforementioned op- 
tical disc 1 , the first recording layer 4 has not any lead- 
in area corresponding to the lead-in area 15 of the sec- 
ond recording layer 6, and the first recording layer 4 is 
provided only in an area outside the lead-in area 15. 
However, the present invention is not limited to this em- 
bodiment, but a pit pattern corresponding to the control 
data may not be provided in the substrate 2 and the first 
recording layer 4 may be extended inwardly by a flat mir- 
ror-finished layer 21 as shown in FIG. 4. 
[0056] FIG. 4 is a sectional view of another embodi- 
ment of the optical disc according to the present inven- 
tion. As shown, data such as control data is not recorded 
in an area of the first recording layer 4, corresponding 
to the lead-in area 15 of the second recording layer 6, 
namely, no pit pattern is formed on the substrate 2. 
Thereby, when the data recorded in the lead-in area 15 
is read, a signal component of a light beam incident up- 
on the optical disc 1 , reflected by the first recording layer 
4, is prevented from being added as a noise component 
to a signal read from the second recording layer 6. Thus, 
the data can accurately be read from the lead-in area 1 5. 
[0057] In the optical disc 1 according to the present 
invention, since the second recording layer 2 has the 



lead-in area 15 having recorded therein necessary data 
for at least data reading, data read is started at the sec- 
ond recording layer 6 having the lead-in area 15. First 
the data in the lead-in area 15 is read out, so it is pos- 
sible to easily control start of reading data such as audio 
information, etc. recorded in the first and second record- 
ing layers 4 and 6. Namely, either of the first and second 
recording layers 4 and 6 can easily be selected based 
on the control data recorded in the lead-in area 15. At 
this time, by recording in the lead-in area 15 disc type 
data indicating the reflectance of the first recording layer 
4 and that the first recording layer 4 is provided in the 
optical disc 1 . it is possible to immediately change and 
re-set gain settings of the amplifier circuit and servo con- 
trol circuit in the optical disc player according to the type 
of the optical disc included in the data read from the 
lead-in area 15, and to easily read data recorded in the 
first recording layer 4 even when the optical disc used 
is a type having the first recording layer 4. 
[0058] Next, reading data such as audio information, 
etc. recorded in the optical disc 1 organized as having 
been described in the foregoing will be described: 
[0059] Referring now to FIG. 5, there is schematically 
illustrated in the form of a block diagram an optical disc 
player for playing the optical disc 1 according to the 
present invention. As shown, the optical disc player in- 
cludes a disc rotation drive mechanism consisting of a 
spindle motor 31 to drive the optical disc 1 and a disc 
table provided at the top of a rotating shaft of the spindle 
motor 31 and in which the optical disc 1 placed on the 
disc table is driven to rotate by the spindle motor 31 , and 
an optical pickup 32 to scan the first or second recording 
layer 4 or 6 in the optical disc 1 by a light beam and thus 
read data recorded in the first or second recording layer 
4 or 6. The optical pickup 32 is moved radially of the 
optical disc 1 by a feed mechanism 33. 
[0060] The optical pickup 32 includes a semiconduc- 
tor laser 34 as a light source to emit a light beam for 
irradiation to the optical disc 1 , optical elements such as 
an objective lens 35, etc. to selectively focus a light 
beam L emitted from the semiconductor laser 34 on the 
first or second recording layer 4 or 6 in the optical disc 
1 , a photodetector 36 to detect a return portion of the 
light beam incident upon and reflected by the first or sec- 
ond recording layer 4 or 6, and others. The objective 
lens 35 is supported by an actuator 37 to be movable in 
two directions perpendicular to each other, namely, in a 
focusing direction parallel to the optical axis of the ob- 
jective lens 35 and a tracking direction in a plane per- 
pendicular to the optical axis of the objective lens 35. 
Thus, the objective lens 35 is moved by the actuator 37 
in the focusing direction and/or tracking direction based 
on a focus error signal and/or tracking error signal gen- 
erated by detecting the return light from the optical disc 
1, namely, from the first or second recording layer 4 or 6. 
[0061] Based on data included in the control data re- 
corded in the lead-in area 15 of the second recording 
layer 6 in the optical disc 1 and which indicates a focus 
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offset and is used to control the focused position of the 
light beam, the objective lens 35 is controlled to focus 
the light beam on either the first or second recording 
layer 4 or 6. 

[0062] In the optical disc player used to play the opti- 
cal disc 1 according to the present invention, when the 
optical disc 1 is placed on the disc table of the disc ro- 
tation drive mechanism and starts being played, the op- 
tical pickup 32 will be moved by the feed mechanism 33, 
based on a control signal supplied from a system con- 
troller 52 which will further be described later, to a posi- 
tion corresponding to the position of the lead-in area 15 
in the optical disc 1. In this example, since the lead-in 
area 15 is provided inside the internal circumference of 
the second recording layer 6 in the optical disc 1 as 
shown in FIG. 1 , the optical pickup 32 is moved by the 
feed mechanism 33 towards the inside of the optical disc 
1 and the lead-in area 15 is scanned by a light beam 
focused by the objective lens 35. When the lead-in area 
1 5 is thus scanned, the return light from the lead-in area 
15 is passed through the objective lens 35 and is de- 
tected by the photodetector 36. This photodetector 36 
has a four-element detector 41 consisting of first to 
fourth detector blocks 41a to 41 d as shown in FIG. 6. 
The return light from the lead-in area 15 is detected by 
the first to fourth detector blocks 41a to 41 d of the de- 
tector 41 . Based on the detection outputs from the de- 
tector blocks 41a to 41 d, an RF amplifier 48 which will 
further be described later detects an RF signal RF being 
a read signal of the data recorded in the lead-in area 15, 

[0063] An RF sum signal RF is generated as a sum 
signal by the RF amplifier 48 which adds together the 
detection outputs from the first to fourth detector blocks 
41a to 41b. The RF amplifier 48 includes first to third 
addition circuits 42 to 44. The first addition circuit 42 
adds together detection signals A and C from the first 
and third detector blocks 41a and 41c, respectively, in 
the detector 41 to provide a detection output (A+C). The 
second addition circuit 43 adds together detection sig- 
nals B and D from the second and fourth detector blocks 
41b and 41 d, respectively, in the detector 41 to provide 
a detection output (B+D). The third addition circuit 44 
adds together these detection outputs to provide an RF 
signal RF (A+B+C+D). The RF signal RF is also an in- 
tensity signal of the light beam reflected by the lead-in 
area 1 5. 

[0064] The focus error signal FE is detected by the 
astigmatic method. When the focused spot of the light 
beam incident upon the lead-in area 15 from the objec- 
tive lens 35 is positioned at the side of the lad-in area 
15 near the objective lens 35, namely, it is off focus, the 
shape of a beam spot S of the return light from the lead- 
in area 1 5 will be an ellipse whose major axis extends 
between the first and third detector blocks 41a and 41c 
of the detector 41 , as shown in FIG. 7A. When the fo- 
cused spot of the light beam is on the lead-in area 15, 
namely, it is in focus, the beam spot S has a circular 



shape evenly over the first to fourth detector blocks 41 a 
to 41 d as shown in FIG. 7B. When the objective lens 35 
is positioned near the lead-in area 15 and thus the fo- 
cused spot of the light beam is positioned at the protec- 
5 tive layer 8 deeper than the lead-in area 15, the shape 
of the beam spot S will be an ellipse whose major axis 
extends between the second and fourth detector blocks 
41b and 41 d as shown in FIG. 70. Thus, the shape of 
the beam spot S varies depending upon the focused po- 
sition of the light beam, and differences among quanti- 
ties of light to the first to fourth detector blocks 41 a to 
41 d is detected to detect the focus error signal FE. The 
RF amplifier 48 includes a subtraction circuit 45 in ad- 
dition to the first to third addition circuits 42, 43 and 44. 
The focus error signal FE is generated by the subtrac- 
tion circuit 45 which subtracts the detection output 
(B+D) from the second addition circuit 43 which adds 
together the detection signals B and D from the second 
and fourth detection blocks 41b and 41 d of the detector 
41 from the detection output (A+C) from the first addition 
circuit 42 which adds together the detection signals A 
and C from the first and third detector blocks 41a and 
41c. The focus error signal FE is {(A+C)-(B+D)}. This 
signal FE is supplied to a servo control circuit 50. Based 
on the supplied focus error signal FE, the servo control 
circuit 50 will control the actuator 37 to move the objec- 
tive lens 35 in the focusing direction until the light beam 
is focused on the lead-in area 15. 
[0065] In the optical disc player which plays the optical 
disc 1 according to the present invention, when scan of 
th*e IlIo^H 

up 32 is started, the objective lens 35 is controlled to 
move in a direction from a position off the lead-in area 
1 5 towards a position towards the lead-in area 1 5 for the 
incident light beam to be focused on the lead-in area 1 5. 
[0066] When there is loaded into the optical disc play- 
er an optical disc in which the first recording layer 4 is 
formed to extend to a position where it is opposite to the 
lead-in area 15 of the second recording layer 6 as shown 
in FIG. 4 for example, the light beam reflected by the 
first recording layer 4 is detected by the photodetector 
36 which will generate an RF sum signal rf and focus 
error signal fe based on the light beam reflected by the 
first recording layer 4. Thereafter, the light beam passed 
through the first recording layer 4 and reflected by the 
lead-in area 15 of the second recording layer 6 is de- 
tected by the photodetector 36 which will generate an 
RF sum signal RF and focus error signal FE based on 
the light beam reflected by the lead-in area 15. The 
above is shown in FIGS. 8A and 8B. 
[0067] In case the optical disc 1 shown in FIG. 1 is 
loaded in the optical disc player, only the light beam re- 
flected by the lead-in area 15 of the second recording 
layer 6 is detected by the photodetector 36 which will 
thus generate an RF sum signal RF and focus error sig- 
nal FE based on the light beam reflected by the lead-in 
area 15, as shown in FIGS. 9A and 9B, since the optical 
disc 1 has not provided therein at a position opposite to 
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the lead-in area 15 the first recording layer 4 which will 
reflect the light beam. Therefore, only the RF sum signal 
RF and focus error signal FE can be detected based on 
the light beam reflected from the lead-in area 15 of the 
second recording layer 6 in the optical disc 1 shown in 
FIG. 1 . So, the light beam from the optical pickup 32 can 
positively be focused on the second recording layer 6 
having the lead-in area 1 5 and data recorded in the lead- 
in area 15 can be read out with a high accuracy without 
containing a noise component caused by the light beam 
passing through the first recording layer 4. 
[0068] Also when the optical disc 1 having the mirror- 
finished layer 21 of the first recording layer 4, opposite 
to the lead-in area 15 as shown in FIG. 4, is played in 
the optical disc player, only an extremely small part of 
the light beam is reflected by the mirror-finished layer 
21, so an RF signal rf and focus error signal fe generated 
based on the reflected light beam from the mirror-fin- 
ished layer 21 are low in signal level as compared with 
the RF sum signal RF and focus error signal FE gener- 
ated based on the light beam reflected by the lead-in 
area 15, as will be seen from FIGS. 8A and 8B. Thus, 
the RF sum signal RF and focus error signal FE gener- 
ated based on the reflected light beam from the lead-in 
area 15 will positively be detected. Therefore, the light 
beam from the optical pickup 32 can positively be fo- 
cused on the lead-in area 15 and data recorded in the 
lead-in area 15 can be read with a high accuracy. 
[0069] As in the above, a light beam is first directed 
towards the lead-in area 1 5 in the optical disc 1 to read 
the control data recorded in the lead-in area 15 and re- 
quired for reading at least data such as audio informa- 
tion and the like recorded in the first and second record- 
ing layers 4 and 6. Based on the control data read from 
the lead-in area 15, it is judged whether the first record- 
ing layer 4 is provided in the optical disc 1 loaded in the 
optical disc player. Also, based on data indicating the 
reflectance of the first and second recording layers 4 
and 6, there are selected a gain of the amplification cir- 
cuit, for example, the RF amplifier 48, and loop gain of 
the servo control circuit 50 which will further be de- 
scribed later, with which the data recorded in the first 
and second recording layers 4 and 6 is read. Then, the 
objective lens 35 is moved axial ly thereof based on the 
control signal from the system controller 52, and beam 
spot focused by the objective lens 35 is moved to either 
of the first and second recording layers 4 and 6. In this 
condition, the focus servo and tracking servo loops 
formed by the servo control circuit 50 have already been 
closed, and the optical disc 1 is driven by the spindle 
motor 31 to rotate at a constant linear velocity. 
[0070] Thus, data recorded in the lead-in area 15 of 
the optical disc 1 according to the present invention is 
first read out, so the data recorded in the first recording 
layer 4 starts being read after reading of the data record- 
ed in the lead-in area 15. By recording, in the lead-in 
area 15, minimum necessary control data for reading 
the data recorded in the first and second recording lay- 



ers 4 and 6, either of the first and second recording lay- 
ers 4 and 6 can be selected and data recorded in these 
first and second recording layers 4 and 6 can be read 
out. 

5 [0071] Since data recorded in the lead-in area 15 of 
the second recording layer 6 provided in this optical disc 
1 according to the present invention is read out, data 
recorded in the second recording layer 6 can be read, 
after reading the lead-in area 15, by a conventional op- 
tical disc player, by setting the reflectance of the second 
recording layer 6 for an incident light beam to a one en- 
abling data read by the conventional optical disc player 
adapted to play an optical disc having a high reflectance. 
Thus, the optical disc 1 according to the present inven- 
tion is interchangeable with the conventional optical 
disc. 

[0072] After the data recorded in the lead-in area 15 
is read, either of the first and second recording layers 4 
and 6 is selected based on the read data and scan is 
started with the light beam focused on the first or second 
recording layer 4 or 6, a return light from the first or sec- 
ond recording layer 4 or 6 is detected by the photode- 
tector 36 with the four-element detector 41 as in the 
above. The detection signal is supplied to the RF ampli- 
fier 48. The detection signal supplied from the photode- 
tector 36 to the RF amplifier 48 is computed to extract 
a reading RF signal, tracking error signal TE, focus error 
signal FE, etc. 

[0073] The extracted reading RF signal is supplied to 
a demodulation circuit 53, and the tracking error signal 
TE and focus error signal EF are supplied to the servo 
control circuit 50. 

[0074] Based on the supplied focus error signal FE, 
push-pull signal PP, track jump command and access 
command supplied from the system controller 52 includ- 
ing a microcomputer, and detection information of the 
rotation speed from the spindle motor 3 1 , the servo con- 
trol circuit 50 will generate various servo drive signals 
to control the actuator 37 and feed mechanism 33 by 
means of a drive circuit 49 for focusing and tracking and 
also the spindle motor 31 for run at a constant linear 
velocity (CLV). 

[0075] The demodulation circuit 53 binarizes the 
reading RF signal supplied from the RF amplifier 48 to 
demodulate it by the EFM (eight to fourteen modulation) 
method for example and supplies the modulation result 
to an error correction circuit 54. The error correction cir- 
cuit 54 corrects error in data by the CIRC (cross inter- 
leaved Reed-Solomon coding) method. The data whose 
error has been thus corrected is supplied to a D/A con- 
verter 55 in which it will be converted from digital to an- 
alog and provided to outside. 

[0076] Also the system controller 52 is supplied with 
a control signal for an operation of an operation unit 56 
by the user, and supplies a control signal to a display 
unit 57 which indicates various states of operation. 
[0077] Note that for reading data recorded in one of 
the first or second recording layers 4 and 6 whichever 
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is lower in reflectance, a control for an increased gain 
of the reading RF signal is desirable. 

Industrial Applicability 

[0078] As having been described in the foregoing, the 
optical recording medium according to the present in- 
vention has provided in an area where the transmission 
of light beam will not be attenuated the lead-in area hav- 
ing recorded therein necessary data for at least data 
reading. So, even if the optical disc has a plurality of 
recording layers provided therein, data recorded in the 
lead-in area can be read accurately and thus data such 
as audio information, video information, etc. recorded in 
each recording layer can accurately be read out and re- 
produced. 

[0079] Also, since necessary data for at least data 
reading, recorded in the lead-in area provided in an area 
which will not be influenced by other recording layer, is 
read out before data is read from each recording layer, 
a desired recording layer can be selected positively for 
positive reading a desired data. 



Claims 

1 . An optical recording medium comprising: 

a light-transmissive substrate; 

a first recording layer provided on one side of 

the substrate; 

a second recording layer provided over the first 
recording layer and having a lead-in area hav- 
ing recorded therein necessary data for at least 
data reading; and 

an intermediate layer provided between the first 
and second recording layers; 
the first recording layer being provided at the 
outside of the lead-in area. 

2. The optical recording medium as set forth in Claim 
1, wherein the lead-in area has recorded therein a 
part of necessary data for reading data recorded in 
at least the first recording layer. 

3. The optical recording medium as set forth in Claim 
1 , wherein the lead-in area has recorded therein da- 
ta concerning the reflectance of the first recording 
layer. 

4. The optical recording medium as set forth in Claim 
1 , wherein the lead-in area has recorded therein da- 
ta indicating that the first recording layer is provided. 

5. The optical recording medium as set forth in Claim 
1 , wherein of the first and second recording layers, 
oneishigherin reflectance than the other. 



6. An optical recording medium comprising: 

a light-transmissive substrate; 

a first recording layer provided on one side of 

5 the substrate; 

a second recording layer provided over the first 
recording layer and having a lead-in area hav- 
ing recorded therein necessary data for at least 
data reading; and 

w an intermediate layer provided between the first 

and second recording layers; 
at least a part of the side opposite to the lead- 
in area of the first recording layer being mirror- 
finished. 

15 

7. The optical recording medium as set forth in Claim 
6, wherein the lead-in area has recorded therein a 
part of necessary data for reading data recorded in 
at least the first recording layer. 

20 

8. The optical recording medium as set forth in Claim 
6, wherein the mirror-finished part of the first record- 
ing layer is disposed in the direction of the start po- 
sition for reading data in the lead-in area of the sec- 

25 ond recording layer. 

9. The optical recording medium as set forth in Claim 
6, wherein in the first recording layer, data is record- 
ed following the mirror-finished part. 

30 

10. The optical recording medium as set forth in Claim 
6, wherein the lead-in area has recorded therein da- 
ta concerning the reflectance of the first recording 
layer. 

35 

11. The optical recording medium as set forth in Claim 
6, wherein the lead-in area has recorded therein da- 
ta indicating that the first recording layer is provided. 

40 12. The optical recording medium as set forth in Claim 
6, wherein of the first and second recording layers, 
one is higher in reflectance than the other. 

13. An optical recording medium comprising; 

45 

a light-transmissive substrate; and 
at least a first recording layer and second re- 
cording layer, any one of which is provided on 
one side of the substrate, the other recording 

so layer being provided over the one recording lay- 

er with an intermediate layer being provided be- 
tween the first and second recording layers; 
there being provided a lead-in area having re- 
corded therein necessary data for at least data 

55 reading. 

14. The optical recording medium as set forth in Claim 
13, wherein the lead-in area has recorded therein a 
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part of necessary data for reading data recorded in 
at least the first recording layer. 

15. The optical recording medium as set forth in Claim 
13, wherein the lead-in area has recorded therein 
data concerning the reflectance of the first record- 
ing layer. 

16. The optical recording medium as set forth in Claim 
13, wherein the lead-in area has recorded therein 
data indicating that the first recording layer is pro- 
vided. 

17. The optical recording medium as set forth in Claim 
13, wherein of the recording layers, one is lower in 
reflectance than the other. 

18. A method for reading an optica! recording medium 
including a light-transmissive substrate, and at least 
a first recording layer and second recording layer, 
any one of which is provided on one side of the sub- 
strate, the other recording layer being provided over 
the one recording layer with an intermediate layer 
being provided between the first and second re- 
cording layers, there being provided a lead-in area 
having recorded therein necessary data for at least 
data reading, the method comprising steps of: 

reading data recorded in the lead-in area of the 
second recording layer in the optical recording 
medium; and 

reading data recorded in the first recording lay- 
er. 

19. A method for reading an optical recording medium 
including a light-transmissive substrate, a first re- 
cording layer provided on one side of the substrate, 
a second recording layer provided over the first re- 
cording layer and having a lead-in area having re- 
corded therein necessary data for at least data 
reading, and an intermediate layer provided be- 
tween the first and second recording layers, the first 
recording layer being provided at the outside of the 
lead-in area, the method comprising steps of: 

reading data recorded in the lead-in area of the 
second recording layer in the optical recording 
medium; and 

reading data recorded in the first recording lay- 
er. 

20. A method for reading an optical recording medium 
including a light-transmissive substrate, a first re- 
cording layer provided on one side of the substrate, 
a second recording layer provided over the first re- 
cording layer and having a lead-in area having re- 
corded therein necessary data for at least data 
reading, and an intermediate layer provided be- 



tween the first and second recording layers, at least 
a part of the side opposite to the lead-in area of the 
first recording layer being mirror-finished, the meth- 
od comprising steps of: 

5 

reading data recorded in the lead-in area of the 
second recording layer in the optical recording 
medium; and 

reading data recorded in the first recording lay- 
10 er. 

21. An optical recording medium comprising: 

a substrate; 

15 a first recording layer provided on one side of 

the substrate; 

a second recording layer provided overthe first 
recording layer; and 

an intermediate layer provided between the first 
20 and second recording layers; 

the first and second recording layers being dis- 
posed to deviate from each other in the direc- 
tion of the layer plane. 

25 22. The optical recording medium as set forth in Claim 

21 , wherein the second recording layer is so provid- 
ed overthe first recording layer as to be read more 
early than the first recording layer. 

30 23. The optical recording medium as set forth in Claim 

22, wherein the second recording layer is provided 
with the recording start position thereof being pro- 
jected beyond the recording start position of the first 
recording layer in the direction of layer plane. 

35 

24. The optical recording medium as set forth in Claim 

23, wherein the other ends of the first and second 
recording layers, respectively, lie in the same plane. 

40 25. The optical recording medium as set forth in Claim 
21 , wherein the second recording layer has a lead- 
in area in which necessary data for at least data 
reading and a data recording area, the lead-in area 
being disposed in a position where it is read more 

45 early than the data recording area. 

26. The optical recording medium as set forth in Claim 
21 , wherein the lead-in area has recorded therein a 
part of necessary data for reading data recorded in 

50 at least the first recording layer. 

27. The optical recording medium as set forth in Claim 
21 , wherein the lead-in area has recorded therein 
data concerning the reflectance of the first record- 

55 jng layer. 

28. The optical recording medium as set forth in Claim 
21 , wherein the lead-in area has recorded therein 
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data indicating that the first recording layer is pro- 
vided. 

29. The optical recording medium as set forth in Claim 

21 , wherein of the first and second recording layers, 5 
one is higher in reflectance than the other. 

30. A method for reading an optical recording medium 
including a substrate and a first recording layer pro- 
vided over the substrate and having an lead-in area, 10 
the method comprising steps of: 

reading data recorded in the lead-in area; 
judging, based on the data read from the lead- 
in area, whether there exists a second record- 15 
ing layer between the first recording layer and 
substrate; and 

reading the second recording layer based on 
control data recorded in the lead-in area when 
it is determined that the second recording layer 20 
exists. 
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